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(54) PRODUCTION OF AUSTENITIC STAINLESS STEEL THIN CAST STRIP EXCELLENT IN COLD -ROLLED 

SURFACE QUAUTY AND CAST STRIP 

(57)Abstract: 

PURPOSE: To produce an austenitic stainless steel thin strip excellent !lia^M^D.Bii<«Jr!Si*^L29 
in cold- rolled surface quality improved in roping and uneven glossiness 

by specifying component composition of Or equivalent and Ni equivalent. ] 
rolling condition and heat treatment condition. 
CONSTITUTION: The component composition of this austenitic 
stainless steel satisfys the inequality I with respect to the Cr equivalent 

defined with, by wt.%, Cr+Mo+1 .5 Si, and the Ni equivalent defined with ^ ^ —40. fix P y !¥+■£. Ddx C T i - T« j / 2 42. 1 
Ni+30(C+N)+0.5 (Mn+Cu). Rolling is executed at 20% to <30% rolling ratio 
Rd, which is defined with the equation II. Successively, the heat 
treatment is executed in a condition that the heat treatment equivalent 

time at 1 1CO'* 0 defined with the equation III satisfys the inequality IV II 
and successively, this strip is coiled at <600** C. Wherein, in the 

inequalities and the equations, P is rolling load, W is the width of cast . > r wii j i i 

strip. T1 is a temp, at the inlet side of rolling, T2 is a temp, at the outlet ^ ^ S <n 1-q/"K/^ ^ 27a< T| . I 

side of rolling, Ti is each temp, of respective patterns obtd. by dividing a ' ' w 1 Q/^'R/ f Z73+liaO> } 

heat pattern during a process between the rolling and the cooling by 
0.1 sec interval steps. Q is activated energy and R is the gas constant. 
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(54) BSM©*»] »3E^ffiaH©Qnfc:^•->^7^:^'f h»X7^>l^;^e3l@»*5»rt-0SJi^ 


(57) mm] 

it*^*»i!i-r^]S»c^ii«l3J:D, ^-X^^^h-f ^J^X5?• 
a%T> Cr+Mo+l. 5 S i T^«^tl-5)C r a* 
i:Ni + 30 (C + N) +0. 5 (Mn + Cu) T^tt 

i^nsN i aa*iTiE (1) ^*#is-r-5^^j-ffifigii 
L. jEM^Rd hmmziivy^ 1 1 0 cc^ft^jas 

t a &1#^©^frTff ti. 6 0 orUATT^^gt 

NiSa^0.63XCraS-1.29 

(1) 


60 



(2) 
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mmm^oDrnm] i&tL. rta (2) ^-cm^-^n^jsMmR^ ^20% 

x-i- >zf)i^0^m&^-^rzii^n\^'yM.<DmmzmmL ^sn^ 1 1 o ox:mmmtmmmm t ^ *stib (4) 

T. a»%-C, C r+Mo+ 1. 5SiT^«^n-2)C < h*XT-> U7.^»«4^^>t£0«!jg:*rj£. 

(C + N) +0. 5 (Mn + Cu) [^1] 

T5t«$n.5N i s«*^TtB (1) ^^mm-r^^^m 

Ni3a<0.63xCr^fi-1.29 (1) 

Kt =40.6x P/W + 0. 04X <Ti -Tt ) /2-42.1 (2) 

2 O.lx exp (-Q/R/ ( 273+T, ) J 

t. = (3> 

exp (-Q/R/ ( 273+1100) ) 

t . >: 203-6. 64XR. -. ( 4 ) 

fib. P : &mm& (ton ) , W : m)^m (mm) . T. C r +Mo + 1 . 5 S i T^«$nSC 

Ti :EEMA{BiJia« (*C) , : /£Mttiffli]a« rSatNi+SO (C + N) +0. 5 (Mn + Cu) 

cc) . Tj :&m~m^mK>^^<D\i-hn^->^ x-^a^n^N i ^«>6«tib (d ssr^sTssK^i-sa 

0. ie>X7^-y^T^^SiJLfc#mS (*C) , Q-.mmit eKtb, TIB (2) SCT^^^nSffiM^Rd Sr3 0% 
x:^Jl/:f- (3 6 5K] -mol-l) , R : fJ7,^l& (8. Ut±tLTJEML, SgV^TTie (3) 1 

3 1 4 J • moi • K-i) T^s, 10 0 -c^fli^jasB^FB^ t g 4m:k±tvxmMm 

Niaa<.0.63xCr^a-1.29 ( 1 ) 

Rd =40. 6x P/W + 0. 04X <Ti -T, ) /2-42.1 <2) 

S O.lx exp {-Q/R/ ( 273+T, ) i 

t.= (3) 

exp I -Q/R/ ( 273+1100) ) 

{HL. P : EE}^mM (ton ) . W : (mm) . rSMiN i +3 0 (C + N) +0. 5 (Mn + Cu) 

Ti :E.mxmum cc) . T2 ■.E-mmmum T^«$n^N i aa/sms (d ^^m&-r^i$.^m. 

0. iij>x5^'y>^-e^>fijufe§ta^ (r) . Q-.mmt si±3o%mmti.xs.mv. m^xm.t>\z7i^ntvx e 

X^^^;i/^— (3 6 5KJ-morl) . R : (8. 0 CCJ&lTT'^^giO, iggV^TTIB (3) ^XM^-^tl 

3 1 4 J • mol • K-') Xh^o -5110 0 "C^«^!!lSBtFB^ t g *mB (4) ^^m& 

[ii*^3] '>3-yhzf^xhmizj:-oxy>yAU t ^^^xmmmT ^ :iii^w<^i:r ^}^mmmsx»(D 

xmh-i)^i^m-r^mmmmm\zji'o. ^-x^i-i :^m, 
x^y\^xm<Dm^^m)^^mmr^mmyjmzii\^^ [i^3i 

T, mm%X, Cr+Mo+l. 5 S i T^«$n-5C 

NiSfi<0.63xCrS«-l.Z9 (1) 

Rt =40. 6x P/W + 0. 04 X (T, -T, ) / 2 -42.1 (2) 

£ O.lx exp {-Q/R/ < 273+T, ) ) 
t.= C3) 

exp (-Q/R/ ( 273+1100) ) 

t . >. 203-6. 64X R. C4 ) 

fiL. P lEEmmm. (ton ) . W:^>ir«l@ (mm) . T, : S.mxmum CC) . T2 : JEISltSffliM 


(3) 
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6 5KJ • mol . R : (8. 3 1 4 J • mol 

T, Cr+Mo+1. 5S iT^S^n^C 
Niaa<.0-63xCr^S-1.29 


r^»i:Ni+30 (C + N) +0. 5 (Mn+Cu) 

T'^«$n^N i^**m2 (1) ^^m^-r^i$.^m. 

fSLiiL. TSe (2) ^TM^^n^BEM^Rd €r3 0% 

T'#^5tO. ig^^TT32 (3) iCT^«$tlSl 1 0 0 
"C^tf.^MSB^W t a ^4#Ki±i:LTI^fiail-r-g)C:<h 

( 1 ) 

(2) 


Rd -40.6XP/W + 0.04X <T, -T, ) / 2 -42,1 


t . = 


I 0. IX exp (-Q/R/ ( 273+ T I ) ) 


(3) 


fflLL. P : ms 


exp «-Q/R/ ( 273+ 
(ton ) , W : ^M-ifi (mm) . 


A 1 

CC) 


mMAffliisffi CC) . T2 ■.s.mmmum 

T'T^^SiJL^t^iaS (t:) , Q : ffittfbx4^;l'^- (3 
6 5KJ - mol -1) , R : (8. 3 1 4 J - mol 

HlSfi<0.63XCrae-1.29 


1100) } 

-e, Cr4-Mo+l. 5S iT!t«^nSCrSStN 

i+30 (C + N) +0. 5 (Mn+Cu) TSftStl 

i ^»7!)^*Tia (1) ^^m&-r^s!i^m^<D:i—x 

T-:^-f h3^X7^>^Xffl-e, ifeffifflM^^Tie (5) ST 


( 1 ) 


D... =£2x SQR(3xSi /2t) 

[0 0 0 1] 
[0 0 0 2] 

f^iiMi ' 8 5-Al 9 7~A2 5 6(r#«$nfcife 

[0 0 0 3] m^it, Ma-)\,^mmmmizj:K)mm 


xSi /S (5) 

viS]ii^^iitcj:DjP$ 1 0 QmmoyfmmmmT.^zr 

(X^y^jg-^ralffiMT'P-feT.) JCjf^T, 
[0 0 0 41 L*^b. 5Ro-;|/S;iSii^«?ifiSI^»CctOt? 

<WF@i¥2- 1 9 4 2 6^i)r#B(ca:'^^nTi.i^J:5tc. 

iz&]±-r^tztf)iz}^&\^^M.mmiz^'< y:f)v^i&f$.^ 
mw-4-i 5 8 9 5 7 w^m}zm^i=>nx\^^^^o\z. 
(Dim. ■ mi&mMf)^^mis^^^r^^iRts^Am^-r 

[0 0 0 5] ::n^>®^ffi®F*g. p-tf>if^»iLT 

!|#M¥2 - 1 9 4 2 6^i;^$gT'tt»iSmt(7)i^ai3i«^ 


(4) 
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jf^^nxt^^, ±S2©5!BJT«. mms.m^'^m-r^ 

[0 0 0 6] ^fc, 7tiRtj'e.*tmi:LT«4#gl¥4- 1 

5 8 9 5 m{tkmx'it}%^ K^A^ffitciawcx^- >y 

^i^— ftiTSttfctC, 5-Fecai. (%) ^5~9% 
[0 0 0 7] 

mats s-eics Lfc?^]i«®a«©Mnfe*-x5^:)-f 

[0 0 0 8] 

[g6JSS:«9l-r-5/S:«60¥®] ±BSg|®S:«ISt-r«fc& 
Ni^fi<.0.63xCra«-l. 29 


7X hffitCctoT^>^Afd:5='-i' >7'Jl.^#^Si?3E$-fJ: 

fe^^ai v^i>.(Dmm\zmmL.xm^-hmw}-r^m:mmm. 

^^ii-rS«!jg:&ffifC:feViT, ««%T. Cr+Mo + 

1. 5 S i TS^SnSC r ^4tN i +3 0 (C + 
N) +0. 5 (Mn + Cu) T^ft^tl-SN i a«d^T 

IB (1) ^^m&-r^^wm.i^tL. 

® i^l^TTflB (2) S;{C*-rffi]^^R(j $-2 0%Ut± 

3 0%*iaa:LTffi3iL, ij^^t^XTtB (3) ^T'^^S 

n-5 1 1 0 Qx:mmm^mmfii t a ^^7:12 (4) 

© ilV^TTSB (2) ^fC^-riEM^Rd ^3 0%UA± 
tUTffi^L, ^O^TTtH (3) s;TM^$nsi 1 0 

0 xzmm^smmnm t a ^ 4 mA±. t Lxmmmi.. m 

ViT6 0 0'CUtTT##iESS3t*feT*S, 

® ilViTTfe (2) ^\ZmtSM^R^ ^2 0%iiK± 

30%mmiivxmmv, m-^xm^izji^ii^vxeoo 

■CtATT^^aiO. ^V^TTIH (3) ^X-Mm^tl^ 1 

1 0 ox:mmmMmmmt ^ A^rm (4) ^<&«s-r«. 
^i^iivxmMm-t^nm:^mx$>^o ^st^^i 

® i^V^TTIB (2) ^\Z^-rE.mmRfi ^3 0%&.± 

igiiTTK (3) ^xm^-^n^i 1 0 ox:m 
mfmmmr^^ t a 4ii>ei±«!: Lxmmm-t^wim:^m 

X$>^o is^Zf. ±l20~€)®*feT^iS^^afcTfa 

(5) ^xm^-^n^mmnn-mD^ye fj^TOumeiT 

hj^x5^>u7.mmmi^x$>^o z.;ii,z. 
me] 

< 1 ) 


R* =40.6xp/W + 0.04x (T, -T, ) /2-4Z.1 <2) 

£ O.lx exp (-Q/R/ ( 273+ Ti ) ) 

t.= (3> 

exp {-Q/'H.y < 273+1100) ) 

t . >. 203-6. 64XR. (4) 


D... =£2X SQR(3xSi /2jr) xSt /S 


fib, P : mmmM (ton ) . W : (mm) . 

Ti :mj@iA#Jiaffi CC) , T2 : lEMtiifiiJSS 

CC) . Tj : EEM~##llO^B1ab^^^ttS^JP^t-h 
Q : 1Smt:J^^J\^^- (3 6 5KJ • mol -1) . R : 

(8. 3 1 4 J • mol • K-1) . S : feS(7)a!J5£ 

^mm. Sj : i ms<om.mmx'$>^, 

to 0 0 9] 


(5) 

^mh-^mmm&m:-r^t^\z^^-r^a-\^>ifm 

f-SDn (=£2XSQR (3XSj /2 7C) /n) 


(5) 
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W^fltTfe^Dgve (=2 2 X SQR (3 X Sj /2 
7t) xSj /S) ^frfc/^cfg^ffliLT^SL^c. ^® 

Dave iZ^^X^mr^^tt^. ffli^<7)|ISi^«Lfcfg 
^t;f5;s, mm. ^D-;i^^ig«S:2 o 

-etEM) *^2IJiT©^t&U'<;i/i:-rs:it*^T#S 

(«2#fil) „ 

[0 0 10] P-l:;>y^gJSli:T*(C«> MSffii^^-C 

jEM€rfTt\ ^i^m^^xmMmtr'tT-oxnm^^^T-^ 
n^:fsm. fmmmm^^Ki. ntamzii-oxmm 
-r^M^m^^Lx^^^^f)^. mm\z^':>xn^m^m'^ 
:gti«-&{c«. mm\zm<Mm^xn^^^m^^'^ 
T, ?&ra)E3iHij©js^!|j<b^!as (.mo x%±\znt^^^ 
i\^:iii^m.^'^t>^x^^mmz\tmi^^mfs.^^. 
^suih\t. ^mm^\zmt:>ib-r-x^-)vw.^(Dtzib<Dmst 
f)^'Z^mx$> 0 . z(Dmmitmm.m^ • m^^-^ yxnt> 

[0 0 11] n^^mizujiii-r^m'fit, etTofflOT- 

( 1 ) wmnm ■. ^h^^^i^anf^mti&m 

(2) ^mm (=JEMii«) : ;«c#('iS<i:Si^a«iS3l 


(3) JPIMS (=m®taS) : {Sl'^Si'S^S^fiiSil 

(4) mm (=&mm) :iz^^^i3iiimmmt{&m 

(5) JPX^CD^affi (=MMS*#) :MUX(DMiE. 

-mz, wmm.m^^b-$ <T^\zit. mm}^m^^^< 

mmmB.t}^-^x&tnmm}^mimmmizmcrzm^ 
mmiz^z>xmi»:^^tztb. wmm.m^mm}^mxu 

5 0 um&rf (m:kmitm 500 Mme^T) JcfiJifliT-S 

u-'>-iK6 h^{E-r^ii\ mm^mx fF^-\^m 
i^mwiLx. 6mm-*6y^r^m\z^^^^^<D^m^ 

e.tlS, ^^MrojsK^J-tt, Cr+Mo+1. 
5S iT5t«$nsCrS«i:N i +3 0 (C + N) + 
0. 5 (Mn + Cu) TS«$n-5>N i ^jlWlf^tCtJ 
LiT, Ni^a:^0. 6 3Cra«;-l. 2 9 Sr^Jgt- 
SligHJClSJt-rSClt-CF^:- ¥mm-dmmizm^^ 

[0 0 12] p-tf>i^s:e5csr^fcie)tcHi^a€:fijffl 
xitmmmtzm^^Lrzmr^s.mm^z^ o f^Faiffi^^tT 
xmrnm-t^^f^timjEizr^ziix. mmm\zm^(D 

^mmfuzt^^-r^i)^, low-c, ni^©i7~2 

0Cr-6~llNi -0~2Mo-0~3Cu^<7)S- 

Wimzi5if^^m(Dmt^mmi:zm&vrz^m. *ne. 

*%0j^?>tt, ffiMAm^T, tj£mmmumT2 
^.^LtB^nsvi^mMtas (t, +T2 ) /2, ^Faiii 

•fl^X. 4 0. 6XP/W+0. 0 4X (Tj +T2) 

/2-42. l©M^^{Cckt9E5S^Rd 75^(5(^9^^-5 

::i:*^i.^tHL^co ;^fc. sMmtmnm^mz-oi^^x 

jZE'^-S. 03tC^-rJ:5(C. ffij^^Rd :*^2 0%Ut±3 

0 %*?i§T{*^n(cjsDfc 1 1 0 ox:^mmMmis^m t 

a ^5t^S-r^i£^^^A^d&-5„ 2 0 %*i§©/£M^R(] Xit. 

Simiit+^iznm^-r^Ai, 1/4 t«~4''L>gT«* 


(6) 
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^ri^\ 3 0 %i^±(DjiMmRa T« 1 1 0 oi:i?«^ 
mtm^-r^o /=c*5. 1 1 o o-cmmm^i&mmmAn o 

s>s. m^x. 1 0 o#ti.±©i^5asB#Pigs-Btis-r^{c 

tt^iSaf (2 0~1 0 Om/min ) *>e>*TfeiKIIW 

[0 0 13] cLdT. mmMwmfiw. ^ \z-r:)\^^xmm 
T?)» :^mR(r>^o\z. mm\z^\^m\'^xmf^\Em-m 

^mfpK □ * xo:>mt:^^}^nm&^ tp^m-t ^ t 

tfc^i^,. IP*,. ^mmz'iL^mumy.^)v^-\tmf^^ 

mmfp\mum-t}\zmwti^^*) . m^(Dumzm^^ 
^^x\zh^mm(Dv^^^m-t^z.t\zts.^tii. iioss 
jist>9 0 ox:vj.±.<Dum.mx&n\tnm^m.mzt.-o 

Tit^l»i5!iST^«-&». Single J: Si^MSlClt'^T 

idmti.^^m.m-hmn^(^x$>^, l^a^^t. mk® 

i^i^^jp^-tLTMiH (3) ^\z^.Tmmm9mmm 
*^e.fcW5aiT^-2>. iftij. *5gBJT^«b;fci 10 ox: 

^lKl^!asl^PB^ t a mf^jEmmmuf)^<^mimm^x 

u^X(D'^un^-y. Mm^P^<D^U ' •S^/N":?'- 
> (#S-«^A°:$'->ttKSiJ) , $e.{c«,«iMai;ptii 

i/iT{i#ia*^e.#M, «^*3j;oJ6 0 o'c^TOKita/"? 
^-><o 1 o#tto¥i^# • nummrcR^-^^x, 
0. i#oii#ra»j*.Tifi#Lfc^i»i»€: 1 1 0 ot:<z)ja 
STtiis • ^n\^rzmmt.mm\zt^^'mwi^7nL'Xy<^ 

< L T fcatS:*SS«±75^*^ nmm tc n > h P- 
[0 0 14] A\Z. 7tiRtye)(COl,iTj2E'<-5. «P-JP 


*ijn*s^«Sc«ilH4iSTg|5(C Sfc tS^o T^^r ^ CI t ^ B5 

coM*^e>^,^SL.. >-:fjmaizKtit^Lrzfmdy 

[0 0 15] *^H^#^>«, zyay h-:fyXhm\Zj:-o 

Ma-)immm^^ib. m^<Di^^\zmmvrz:t-x^i- 

Cr+Mo+l. 5S i^?)t«i;3^n-^>C r 
<i:Ni + 30 (C + N) +0. 5 (Mn + Cu) X-^M 
^n^N i a»<DM^{c43ViT> Ni^a;^0. 6 3C 

r a«- 1.29 ^m^^^^M-mz^^x. m¥x<n> 

\t. mm^tzMW^^<DymtM\:'^^mmx&r> . f 
^-^wmz^r>wm.^^^xmm6-y:s^y-{ htr?. 

^nmzmx^^^ti^ms^\.x\^^. *%Bj#e> 

<r>i^mm.x^^-t^n- 5+i^-6J;0fe(5 #fflT' 

t $:^< «)RP-;i/^jg*t®M@ffii^m^*^ ^mv^ttl L 
TtiS*^, |je3l5*n^:*^e.«5=''f >>^;UPB^|Ji5r/h$<-r-5 

[0 0 16] 7* hx-y^^ijpxoT^w >:7';i/x 

gB*T^SS3;5^A^-r, -e®gP^i-©X7=P^>y^a7&W< 
«X •;; ^^(Dm.mm'^ti^tS.tztb. X >y vg|5W«^{C«ir3 

xmmfi^y"^ y-:f)v^^^i^xK^m¥k, xT=p^-y^ 

h^-< y:^)VX\t:k^ts.'f-( y^)V(D^\Z'h-^ts.y'^ > 
b . F ^ A ® ia^t* M705®;ii^ ^ ii 

mtt^^mf)^7'^ >y')V(D^mnzisi>i^^mmi^mm 


(7) 
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[0 0 17] ;^£*5, m^mK>u&=^6 0 ox:&,T\zm.^ 

So 

[0 0 18] *!«BjT«, hx-y^^jnife^fcj:?) 


\£>if^^nts'i<Dm'^^ms,m<Dmnfz^-x7'±^ 
h i^xx > U7.mmw.^mmmzmm-r^ z. t**-?^ 

-So 

[0 0 19] 

jftaT. »it;*3~5iiim^jgL. *tJ1000~1200 
^{r J: D 4 2 %e>^Tco 1 /txmM^fTVK it-^tC7K?^L 

x6oox:&.TX'm^mD. nmrniz^ommm^simm 
[^1] 



C 

Si 

Mn 

P 

s 

Ni 

Cr 

Mo 

Cu 

A 

0. 027 

0.45 

0, 90 

0.016 

0. 0015 

8.15 

18.31 

0, 14 

0. 30 

B 

0. 026 

0.45 

0. 89 

0.015 

0. 0028 

8. 30 

18.31 

0. 15 

0.30 

C 

0. 032 

0. 44 

0. 87 

0.017 

0. 0026 

8.16 

18. 39 

0. 14 

0.21 

D 

0.019 

0. 49 

0. 88 

0.015 

0. 0012 

8. 23 

18. 36 

0. 14 

0. 20 

E 

0. 032 

0.49 

0. 87 

0. 027 

0. 0021 

8. 20 

18. 25 

0. 12 

0, 20 

F 

0.030 

0. 45 

0. 92 

0.015 

0. 0017 

8-21 

18, 45 

0. 14 

0.21 

G 

0.015 

0.48 

0. 87 

0.017 

0. 0020 

10. 02 

17.85 

2. 07 

0.24 

H 

0. 033 

0. 45 

0, 95 

0.015 

0. 0020 

8.21 

18. 32 

0. 15 

0. 20 

I 

0.018 

0.44 

0. 50 

0.016 

0.0025 

9. 01 

18. 57 

0. 16 

0. 22 

J 

0. 026 

0.77 

L 18 
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